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Abstract

Background: The aim of this study was to evaluate the correlation between the level of kyphotic
deformity of spinal column among osteoporotic patients during balloon Kyphoplasty with T-score and
Z-score and the effect of osteoporosis on the results of kyphoplasty surgery.
Methods: After operation conducted patients suffering from osteoporotic fractures resorting for
kyphoplasty from 2015 to 2016. Based upon inclusion criteria, the patients underwent kyphoplasty.
Kyphotic angle, Cobb angle, the height of the fractured vertebrae in the anterior, the middle and
posterior parts of the body in each patient were measured and assessed before and after operation.
Results: A significant reduction was observed in post-operation VAS compared to what was observed
prior to operation. The post-operation average pain had also decreased in various times (immediately
after operation, 2 weeks later, 6 months later) (P=0.0001). The kyphotic angle and post-kyphoplastic
Cobb angles had reduced and the height of the vertebrae in the anterior and middle part of the
vertebrae had increased. As the level of osteoporosis increased, the sagittal correction was balanced and
the height of vertebrae increased. There was no statistically significant correlation between VAS and the
level of osteoporosis (P=0.909). The unilateral and bilateral injection of cement caused no significant
difference in the results of operation and VAS (P>0.05). There was no significant correlation between the
amount of injected cement and correction level of kyphotic and Cobb angles and rise of vertebrae’s
height.
Conclusions: Kyphoplasty helps improve kyphosis angle and Cobb and increases the height of
vertebraes and reduces pain. As the level of osteoporosis increased, the level of sagittal balance
correction and height of vertebrae also increased, but no significant correlation was observed between it
and average pain reduction.
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Introduction
Osteoporosis is a common disease where the bones are
weakened and when the bones are weakened, the risk of
sudden and unexpected fractures increases. The following
signs may warn us of osteoporosis:

• Backache, particularly caused by fracture or osteoporosis
• Height reduction over long term
• Too easy bone fractures

Kyphosis and curvature of spinal column caused by fraction of
vertebrae particularly in the anterior area [1].

Spinal column has three natural curvatures. One of them is in
the neck area which is a forward curve with backward
concavity called lordosis. These angles are naturally -20 to -40
degrees. In the dorsal area, there is a backward curvature with

backward convexity called kyphosis with a natural angle of
+20 to +40. In the lumbar area, there is a forward curvature
with backward convexity called lordosis with a natural angle of
-30 to -50 degrees. The unusual rise caused in the dorsal area is
called hyper-kyphosis [2]. Kyphosis is caused by various
factors including old age, muscle weakness in the upper dorsal
area, Shamrn disease, arthritis or other bone degeneration
diseases, osteoporosis (loss of bone power due to the old age),
damages caused to the spinal column, weakened disk, Scoliosis
(spinal column curvature), infections in spinal column, birth
defects such as spina bifida (bone splitting), tumors, endocrine
system diseases, connective tissue diseases, polio, Paget's
disease and muscular dystrophy [3].

Following an osteoporotic fracture and reduction of vertebrael
height in anterior and middle parts in the elderly, patients
would experience thoracic kyphosis which may be painful or

ISSN 0970-938X
www.biomedres.info

Biomed Res 2017 Volume 28 Issue 20 8780

Biomedical Research 2017; 28 (20): 8780-8789



painless. Various methods have been proposed to diagnose
kyphosis including clinical examination such as neurological
examination to study reflexes and muscular power, studying
how patient walks, X-ray to determine curvature angle and
diagnose vertebrae transformation and assess sagittal balance,
computational tomography, CT scan for images with greater
details, and magnetic resonance imaging (MRI) to study the
tumor or vertebrael infection. If the curvature affects patient’s
breathing ability, pulmonary performance tests and
cardiovascular assessments will be conducted [4,5]. Standing
face radiography is used to study scoliosis while standing
sideview radiography is required to study kyphosis angle. If the
radius of kyphosis is open in standing sideview radiography,
this type of kyphosis will be considered soft and flexible, but
the kyphosis will be harder if its radius is tight [6,7]. Surgeries
usually seek to reduce pain and improve the life quality of
patients suffering from osteoporotic fractures. One of the
modern methods of treating kyphosis surgery is a method
known as kyphoplasty. A small balloon is used in this method
to restore the vertebrae to its original height. Then, a cement-
like substance is injected to reconstruct the height of vertebrae.
This method is usually used for cases of kyphosis caused by
compressive fractures among people suffering from
osteoporosis [8,9].

The present research seeks to study the clinical results of
balloon Kyphoplasty and the correlation between the kyphotic
correction of spinal column deformity among Osteoporotic
patients during balloon Kyphoplasty using T-score and Z-
score.

Materials and Methods
This is a case series, quasi-empirical, clinical trial research
prior to and after operation conducted on patients suffering
from osteoporotic fractures resorting to Vali Asr Hospital of
Arak for kyphoplasty in 2015 based upon T-score and Z-score
level. The following inclusion criteria were defined: pain
caused by osteoporotic fracture, a distance of 4 to 6 weeks
between the occurrence of fracture and no response from pain
to medical treatment and absolute rest, vertebrael height
reduction as a result of osteoporotic fracture and formation of
kyphotic deformity, presence of PLL and healthy vertebrael
posterior wall, no fractured pieces inside the canal and absence
of any neurological defects. Certain exclusion criteria were
also defined such as history of vertebrael fracture within the
last 6 months, neurological disorders before and after
operation, affliction with life-threatening systematic diseases
like systematic infectious diseases, malignancies, lack of
consent to take part in the research, affliction with bone
disorders such as bone and muscular tissue tumor, affliction
with osteomyelitis, diskitis or epidural abscess and infection of
surgical site soft tissue, affliction with severe coagulopathy or
thrombocytopenia, exhibiting symptoms of more concealed
fractures (PLL fracture), vertebrael posterior cortex fracture
and existence of pieces inside the canal. Prior to beginning the
research, the participants were asked to fill in and sign the
consent for to take part in the research. Participant’s

demographic information such as age and gender and history
of background diseases such as diabetes, high blood pressure,
cardiovascular diseases, smoking cigarettes, etc. were recorded
from their files. The full face radiologies of thorax and full face
and sideview radiologies of spinal column were captured.
Spinal column MRI was conducted to check for fractured
vertebrae and edema and to disprove malignancy of spinal
column. CT scan was conducted on the vertebrae to study the
posterior wall of the vertebrae, then BMD, cobb angle,
kyphotic angle and height of vertebrae (HA HM HP) were
measured (using X-ray). Kyphotic angle is the angle between
the line parallel with the upper end plate and the upper line
parallel with the lower end plate indicating the compression
level of fractured vertebrae. Cobb angle is the angle between
lines parallel with the upper endplate of the vertebrae above the
fractured one with the line parallel with lower endplate of the
vertebrae under the fractured one indicating the curvature of
spinal column caused by fracture. Anterior height shows
vertebrael height in the anterior 1/3 of the body between the
upper and lower high end plates. Middle height is the
vertebrael height in the middle 1/3 of body between the upper
and lower end plate and, while posterior height indicates the
vertebrael height in the posterior 1/3 of the body between the
upper and lower endplates.

Figure 1. Changes in the height of vertebrae and kyphotic and Cobb
angles in terms of Z score changes.

The patients then underwent kyphoplastic surgery. Based on
the medical examinations prior to operation, general or local
anesthesia was used for operation. In prone and rolling status, a
jelly was placed on thorax and Iliac crest. Using a fluoroscope
and counting, the surgeon identified the site of fracture. After
dermal prep and drep, 2% lidocaine was injected in insertion
site and paraspinal muscles up to vertebrael periosteum and
facet capsules. Prior to skin incision, prophylaxis was injected
in the vessels by scalpel number 15. The drill head was
inserted in the small skin incision site up to vertebrae facet in
the area where lateral papillae met with the lower part of the
facet. The site for pedicle entrance was found through face and
sideview graphies. After inserting the pedicle and at the
entrance of the body, cannula set entered the body and the drill
head entered body through cannula. The drill head was directed
towards body with medial 15° direction under fluoroscopic
guide until it reached the optimal site to commence cement
insertion. This site selected for cement insertion is located in
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the anterior 1/3 of the body where the greatest amount of
height reduction is observed. The drill was then removed and
the balloon was inserted through the guide cannula. The
cannula was filled with contrast agent and deaerated and the
balloon opened as much as 150 to 200 atmospheres. All these
steps were also taken for the opposite side before opening the
balloon if bilateral injection was required and the relative
balloon was opened. Face and sideview graphies were made
once again and the expansion of vertebrae and leakage of
contrast agent were assessed. The balloons were then
evacuated and removed and the cement which was prepared in
advance was put inside injection cylinders and injected into the
body of vertebrae. The best time to inject the cement is when it
has a dough-like consolidation like a pig tail while getting out
of the syringe. A loose consolidation increases the possibility
of cement leakage from fracture lines to spinal canal or disk
space or retro peritonea.

Table 1. Mean and SD of Z-SCORE and T-SCORE.

 Number Least Most Mean SD

T. score 30 -5.6 -1.4 -3.4 1.13

Z. score 30 -4.5 -0.2 -1.69 1.02

As much as 1.5 cc cement was injected every time with lateral
graphies made after each injection. The injection would be
stopped if any leakage were observed. The injection path
passed through the anterior part of the body towards the middle
part of it. No injections were made in the posterior part in order
to prevent possible leakage. If local anesthesia is used for
operation, the force reaction of organs can be every second.
The amount of cement injected and the site of unilateral or
bilateral injection was recorded. At the end of injection, the
insertion site was needle sutured for 5 minutes. After proper
dressing of the incision, the patient returned to supine position
and left the operation room after he had been completely
checked for symptoms of allergy or emboli and the sensory or
motor neurological status of the lower limbs were examined.
VAS was used to measure the level of pain. If the patient had
not gone general anesthesia, he could have been discharged on
the same day. The length of operation and the amount of
cement injected during operation was measured. After the
operation was over, BMD, kyphotic angle and Cobb angle

were assessed (using X0ray imaging) and their changes were
recorded. Finally, SPSS v.21 was used to statistically analyze
the resulting information according to X2, ANOVA, and t-test
methods.

Figure 2. Changes in the height of vertebrae and kyphotic and Cobb
angles according to T score changes.

Results
This is a self-controlled clinical trial study conducted on 30
patients 26 (87.7%) of whom were female and 4 (13.3%) were
male. Their average age was 65.83 ± 9.06 years with the
youngest and oldest participants being 45 and 81 years old.
The average T-score was 3.4 ± 1.13 with the lowest and highest
scores being -5.6 and -1.4 respectively. The average Z-score
was -1.1 ± 69.02 with the lowest and highest values being -4.5
and -0.2 respectively (Table 1).

The results indicate a significant reduction in Kyphotic-angle
and Cobb-angle after surgery, while Ant-height and Middle-
height have increased significantly after surgery. However,
changes in post-height variable have not been significant
(Table 2).

Table 2. Comparing the SD and mean of Kyphotic-angle, Cobb-angle, Ant-height, and Middle height before and after operation.

 

Before operation After operation Level of correction Paired T-test

Mean ± SD Mean ± SD Mean ± SD T P-value

Kyphotic angle 16.03 ± 4.5 10.93 ± 3.5 5.012 ± 2.19 12.52 0.0001

Cobb angle 17.74 ± 5.22 12.08 ± 4.71 5.66 ± 2.37 12.84 0.0001

Ant height 15.024 ± 4.29 20.35 ± 4.05 5.32 ± 2.06 -13.92 0.0001

Middle height 16.70 ± 3.86 21.24 ± 3.21 4.54 ± 1.99 -12.26 0.0001

Post height 24.19 ± 3.8 24.62 ± 4.19 0.43 ± 1.02 -0.812 0.423
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To better analyze the results, the effects of T score and Z score
on the consequences of kyphoplasty was studied in three
groups based upon levels of T score and Z score.

Z score (4.5, 2.5) (2.5, 1.5) (1.5, 0.2) and T score (-5.6, -3.5)
(-3.5, -2.5),(-2.5, -1.4)

The results show that a reduction in level of T score and Z
score core or intensification of osteoporosis would result in
significant increase of average difference of kyphotic and Cobb
angles and height of vertebrae in the anterior and the middle
part (P=0.0001). These changes were far from being significant
in height of vertebrae in the posterior part (Tables 3 and 4). Figure 3. Mean VAS changes among patients undergoing operation.

Table 3. Comparing the mean and SD of kyphotic angle, Cobb angle, anterior height, middle height and posterior height before and after
operation based on levels of t-score.

T.score
 Before operation After operation Paired t-test

 Mean ± SD Mean ± SD Average difference T P-value

-3.5 to -5.6

Kyphotic angle 4.23 ± 18.22 11.61 ± 3.31 6,60 11.41 0.0001

Cobb angle 18.97 ± 5.27 11.57 ± 3.7 7,40 13.37 0.0001

Ant height 12.06 ± 2.8 18.53 ± 3.14 6,47 12.82 0.0001

Middle height 13.61 ± 2.56 19.63 ± 3.01 6,02 13.06 0.0001

Post height 19.22 ± 2.95 23.45 ± 3.55 0,148 -0.12 0.904

-2.5 to -3.5

Kyphotic angle 15.51 ± 4.16 11.06 ± 3.5 4,45 8.9 0.0001

Cobb angle 15.93 ± 4.72 10.78 ± 4.78 5,14 8.76 0.0001

Ant height 16.31 ± 4.46 21.52 ± 5.4 5,21 -7.74 0.0001

Middle height 18.103 ± 2.67 22.01 ± 2.8 3,91 -7.1 0.0001

Post height 25.06 ± 4.04 25.88 ± 4.21 0,822 -4.17 0.002

-1.4 to -2.5

Kyphotic angle 12.69 ± 3.36 19.47 ± 3.91 3,218 -6.27 0.001

Cobb angle 18.02 ± 5.91 14.89 ± 5.75 3,135 11.92 0.0001

Ant height 18.68 ± 2.43 22.07 ± 2.43 3,382 -11.78 0.0001

Middle height 20.43 ± 2.8 23.16 ± 3.01 2,728 -9.007 0.0001

Post height 26.67 ± 3.58 27.04 ± 3.53 0,371 -1.02 0.346

The results show a negative correlation between T score and Z
score and average difference of Ant height and Middle-height
before and after operation. In other words, a rise in T score and
Z score caused a decrease in average Ant height and Middle
height before and after operation. In statistical terms, this
difference about T score and Z score and average difference of
cobb_abgle and kyphotic_angle and before and after operation
has a positive correlation. In other words, as T score and Z
score go up, the average difference of cobb_angle and
Kyphotic_angle increases although this correlation is not
statistically significant and noticeable in post height (Table 3
and Figures 1 and 2).

Comparing the mean and SD of kyphotic angle, Cobb angle,
anterior height, middle height and posterior height before and
after operation based on levels of z-score (Table 4). Pearson’s
correlation between Tscore, zscore and outcomes of surgery
(Table 5). Variance analysis with repetitive values was used to
study VAS changes (Figure 3). The results are presented in
Table 6. As the results indicate, patient’s level of pain has
increased significantly after operation.

The results indicate a positive correlation between T score and
Z score and the mean difference of pain score before and
immediately after operation. As the T score and Z score
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increase, the mean difference of pain score before and
immediately after operation also goes up.

Table 4. Comparing the mean and SD of kyphotic angle, Cobb angle, anterior height, middle height and posterior height before and after
operation based on levels of z-score.

Z score
Before operation After operation Paired t-test

Mean ± SD Mean ± SD Average difference T P-value

-2.5 to -4.5

Kyphotic angle 18.58 ± 4.46 11.26 ± 4.4 7.32 10.78 0.0001

Cobb angle 18.41 ± 2.4 11.56 ± 1.46 6.84 9.13 0.0001

Ant height 12.7 ± 3.61 19.12 ± 3.67 6.36 -7.05 0.0001

Middle height 15.44 ± 3.18 20.62 ± 3.6 5.18 -6.96 0.0001

Post height 23.77 ± 1.4 24.76 ± 1.65 0.98 -4.5 0.003

-1.5 to -2.5

Kyphotic angle 15.22 ± 3.72 10.38 ± 3.28 4.83 9.05 0.0001

Cobb angle 15.93 ± 6.25 9.43 ± 4.8 6.5 8.55 0.0001

Ant height 15.56 ± 5.62 21.27 ± 5.79 5.71 -8.97 0.0001

Middle height 16.63 ± 4.38 21.20 ± 3.13 4.56 -7.34 0.0001

Post height 24.09 ± 5.55 23.67 ± 6.39 0.42 0.24 0.812

-0.2 to -1.5

Kyphotic angle 15.01 ± 4.7 11.10 ± 3.77 3.91 7.79 0.001

Cobb angle 18.57 ± 5.74 14.24 ± 5.14 4.33 7.29 0.0001

Ant height 16.04 ± 3.35 20.47 ± 2.79 4.43 -9.71 0.0001

Middle height 17.51 21.66 ± 3.22 4.14 -6.94 0.0001

Post height 24.51 ± 3.73 25.18 ± 3.56 0.66 -2.09 0.058

Table 5. Pearson’s correlation between T score, Z score and outcomes
of surgery.

  Z score T score

Dkyphotic angle
Correlation 0.656 0.769

Significance 0.0001 0.0001

Dcobb angle
Correlation 0.452 0.703

Significance 0.012 0.0001

DAnt height
Correlation -0.452 -0.667

Significance 0.012 0.0001

DMiddle height
Correlation -0.382 -0.703

Significance 0.037 0.0001

Dpost height
Correlation 0.007 0.128

Significance 0.971 0.501

Higher levels of pain reduction are observed among those with
high levels of T score and Z score, but this difference is not
statistically significant (Tables 7 and 8).

Table 9 compares pain improvement in various times after
operation with improvement of cobb ang, kyphotic ang and
with the height of vertebrae in HP. HM, and HA where the

results of the analysis showed no significant correlation
between them (P-value>0.05).

Table 6. Mean and SD of pain level based upon VAS in various times.

VAS Mean ± SD 95% certainty distance for SD

Upper limit Lower limit

Before operation 7.833 ± 0.225 8.29 7.3

After operation 3.767 ± 0.190 4.15 3.37

2 weeks after operation 2.2 ± 0.121 2.44 1.95

6 weeks after operation 1.433 ± 0.114 1.66 0.5

Both kyphotic angle and cobb angle of those patients who had
unilateral and bilateral injection of cement had decreased
significantly after operation and men Ant height and Middle
height had increased significantly after operation. However,
changes in Post height were not significant (Table 10).

No significant difference was observed between kyphotic
angle, Cobb angle, Ant height, and middle height before and
after operation in unilateral and bilateral injections and the
mean post height before and after operation in unilateral and
bilateral injection was not significant. The site of injection
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caused no significant difference in the results of operation
(Table 11).

Table 7. Paired comparison of average pain changes according to VAS in various times.

(I) (J) Mean difference (I-J) SD P-value
Mean

Upper limit Lower limit

Before operation After operation 4.067 0.244 0.0001 4.758 3.375

 2 weeks after operation 5.633 0.222 0.0001 6.263 5.0004

 6 months after operation 6.4 0.265 0.0001 7.151 5.649

After operation 2 weeks after operation 1.567 0.124 0.0001 1.918 1.216

 6 weeks after operation 2.333 0.205 0.0001 2.915 1.752

2 weeks after operation 6 weeks after operation 0.767 0.157 0.0001 1.21 0.323

Table 8. Pearson correlation between T score, Z score and pain scale.

  T score Z score

VAS after – VAS Before
Correlation 0.029 0.011

Significance 0.879 0.953

VAS 2 weeks – VAS after
Correlation 0.287 0.308

Significance 0.124 0.097

VAS 6 months – VAS 2 weeks
Correlation 0.022 0.221

Significance 0.909 0.241

Variance analysis with repetitive values was conducted on pain
scales based upon the site of cement injection. The results
show that the average pain after operation has decreased in
various times (P=0.0001) but there is no significant difference

between the unilateral and bilateral injection in terms of
average pain (P=0.889) (Table 12).

Variance analysis with repetitive values was conducted on pain
scale based upon cement injection site and by controlling the
confounding effect of cement doze, T score and Z score. The
results show that post-operation average pain has decreased in
various times (P=0.0001), but there is no statistically
significant difference between average pain in unilateral and
bilateral injection by controlling the confounding effect of
cement doze, T score and Z score (Table 13).

The results of Bonferroni coupled comparison showed a
statistically significant reduction in the average pain of the
patients with the confounding effect of cement dose Z-score, T-
score in various times (Table 14).

Table 9. Comparing the correlation between pain improvement in various times with improvements in the angles and height of vertebrae.

  
Pain improvement after
operation

Pain improvement 2 weeks after
operation

Pain improvement 7 months
after operation

Kyphotic angle improvement
Correlation -0.125 -0.014 -0.04

Significance 0.51 0.942 0.832

Cobb angle improvement
Correlation -0.332 0.365 -0.265

Significance 0.073 0.05 0.157

Ant height improvement
Correlation 0.071 0.012 -0.01

Significance 0.71 0.95 0.96

Middle height improvement
Correlation -0.065 -0.192 0.15

Significance 0.734 0.309 0.429

Post height improvement
Correlation 0.195 0.004 0.151

Significance 0.301 0.982 0.425

The most common post-operation complication was cement
leakage observed in three cases that all had bilateral injections
above 6 cc. Two leakages were reported from the upper

endplate in disk space and one case was reported under all in
the anterior vertebral body (Table 15).
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The average amount of cement injected was 5.48 cc with the
highest and lowest quantities being 7.5 cc and 1.5 cc
respectively (Table 16).

The greatest frequencies of fracture were observed in T12
(34%) and L1 (23%) (Figure 4).

Table 10. Comparing mean and SD of kyphotic angle, Cobb angle, ant
height, middle height and post height before and after operation based
upon the site of cement injection.

Site of
injection

 

Before
operation

After
operation Paired t-test

Mean ± SD Mean ± SD T P-value

 
Kyphotic
angle 15.68 ± 6.28 11.86 ± 4.41 4.05 0.007

 Cobb angle 18.29 ± 6.1 12/61 ± 4/5 4.39 0.005

Unilateral Ant height 15.48 ± 4.63 19.9 ± 3.62 -8.78 0.0001

 
Middle
height 16.15 ± 4.16 19.78 ± 2.5 -5.4 0.002

 Post height 23.41 ± 5.44 24.28 ± 3.79 -1.194 0.277

 
Kyphotic
angle 16.13 ±4.01 10.64 ± 3.23 12.88 0.0001

 Cobb angle 17.57 ± 5.06 11.92 ± 4.86 12.78 0.0001

Bilateral Ant height 14.88 ± 4.29 20.7 ± 4.18 -13.35 0.0001

 
Middle
height 16.86 ± 3.84 21.69 ± 3.32 -11.26 0.0001

 Post height 24.43 ± 3.36 24.72 ± 4.38 -0.444 0.661

Table 11. Comparing unilateral and bilateral injection in the results of
operation.

Kyphotic (Site of
injection)

Before
operation

After
operation Wilcoxon test (P-

value)
Mean ± SD Mean ± SD

Unilateral 15.68 ± 6.28 11.86 ± 4.41 0.007

Bilateral 16.13 ± 4.01 10.64 ± 3.23 0.0001

Mann-Whitney test (P-
value) 0.56 0.53   

Cobb angle (Site of
injection)

Before
operation

After
operation Paired T-test (P-

value)
Mean ± SD Mean ± SD

Unilateral 18.29 ± 6.1 12.61 ± 4.5 0.005

Bilateral 17.57 ± 5.06 11.92 ± 4.86 0.0001

Independent t-test (P-
value) 0.755 0.739   

Ant height (Site of
injection)

Before
operation

After
operation Paired t-test (P-

value)
Mean ± SD Mean ± SD

Unilateral 15.48 ± 4.63 19.19 ± 3.62 0.0001

Bilateral 14.88 ± 4.29 20.7 ± 4.18 0.0001

Independent t-test (P-
value) 0.754 0.398  

Middle height (Site of
injection)

Before
operation

After
operation Paired t-test (P-

value)
Mean ± SD Mean ± SD

Unilateral 16.15 ± 4.16 19.78 ± 2.5 0.002

Bilateral 16.86 ± 3.84 21.69 ± 3.32 0.0001

Independent t-test (P-
value) 0.678 0.173   

Post height (Site of
injection)

Before
operation

After
operation Paired t-test

Mean ± SD Mean ± SD T P-value

Unilateral 5.23 ± 44.41 24.28 ± 3.79 -1.194 0.277

Bilateral 24.43 ± 3.36 24.72 ± 4.38 -0.444 0.661

Independent t-test (P-
value) 0.55 0.815 - -

Table 12. Mean and SD of pain scale according to VAS in various
times based upon cement injection site.

VAS
Unilateral Bilateral

Mean ± SD Mean ± SD

Before operation 7.85 ± 1.34 7.82 ± 1.23

After operation 3.71 ± 0.95 3.78 ± 1.08

2 weeks after operation 2.00 ± 0.057 2.26 ± 0.68

6 months after operation 1.42 ± 0.53 1.43 ± 0.66

Table 13. Variance analysis results with repetitive values conducted
on the pain score based upon cement injection site.

Source of
changes

Sum of
squares

Freedom
degree

Mean of
squares F

P-
value

Pain 25.958 2.03 12.786
13.15
6

0.000
1

Pain * t-score 0.401 2.03 0.198 2.03 0.82

Pain * z-score 3.847 2.03 1.895 1.95 0.152

Pain * cement
dose 3.202 2.03 1.577 1.623 0.207

Pain * injection
site 2.614 2.03 1.287 1.325 0.275

Error 49.328 50.756 0.972   

Table 14. Bonferroni coupled comparison.

(I) (J) (I-J) SD P-value

1
2 4.141 0.479 0.0001

3 5.631 0.422 0.0001

2
4 5.908 0.479 0.0001

3 1.49 0.223 0.0001
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3
4 1.768 0.343 0.0001

4 0.277 0.269 0.1

Table 15. Frequency distribution of complications of surgery.

Complications Percentage Frequency

Cement leak 10 3

Cement emboli 0 0

Adjacent fracture 303 1

Nervous defect 0 0

Table 16. Mean and SD injected cement dose.

 Number Least Most Mean SD

Cement dose 30 1.5 7.5 5.4833 1.788

Figure 4. Vertebral fracture frequency.

Discussion
The results of this research helped us grasp the consequences
of using kyphoplasty in our center. In a research conducted by
Liu et al. [10], the frequency of fracture among women was
77.8% while this frequency among men was 22.2% with the
average age being 71.6 y [10]. In our research, the frequency of
fracture among women and men was 86.67% and 13.33%
respectively with the average age being 65.83 ± 9.6 y. Liu et al.
[10,11] studied the effects of spinal column status correction
during kyphoplasty and the effect of osteoporosis level on the
results of operation two groups afflicted with osteoporosis and
osteopenia afflicted with osteoporotic fracture where the pre-
operation lateral radiographies and vertebral heights and angles
of 50 patients were studied. The vertebral status correction was
conducted on Cobb A, KA, HM, HA with P-value<0.05 and
the correction level in the fractured vertebrae in osteoporotic
group was more than osteopenic group (P-value<0.05). The
greatest level of correction was observed in hyperextended
position with no increase in vertebral height and angle with
ballooning. As the osteoporosis increased and post-operation
reduction of T-score and Z-score, more height increase (Ha.
Hm) and kyphotic and Cobb angles correction were observed
than those who had a better bone density. This raised

correction for HA, HM, KA, Cobb A had a p-value of 0.001,
while it had no influence of P-value>0.05 for HP.

In a research by Baz et al. [12,13], the effects of kyphoplasty
were studied in 82 patients suffering from osteoporotic fracture
during a 1-y follow-up period. 87.8% of the participants were
female and 12.2% were male with the greatest frequency of
fracture observed in thoracolumbar are (62%) with 30 cases of
fracture in L1 and 24 cases in T12 [11].

Comparison of the average pre- and post-operation vertebral
heights of HM, HA and KA vertebral angle was corrected by
p<0.0001. Pre-operation mean VAS was 7.92 but this value
decreased to 2.21 immediately after operation and to 1.98 one
year later which indicates a good response with p=0.0001. But
the vertebral height in the posterior height did not increase
during the operation (p<0.05). The most common site for
osteoporotic fractures was the thoracolumbar area with the
greatest number of fractures observed in T12 and L1 and
86.67% of the patients were female. Similar results were
achieved concerning pre- and post-operation mean difference
of vertebral height in HM, HA and KA and Cobb A angles.
Just like the above-said research, no significant change was
observed in vertebral height in posterior HP (Table 2) which is
probably due to similar techniques used for cement injection.
Similar results were observed in comparison of the two
researches in terms of VAS which confirms the effectiveness of
kyphoplasty balloon in controlling patients’ pain (Table 7). Son
et al. conducted a review research in order to compare the
unilateral and bilateral kyphoplasties in treating vertebral
osteoporotic fractures. Their results pointed to the fact that
unilateral operation took a shorter time (P<0.001) with less
cement injected (P<0.001). No correlation was observed
between pain and Oswestry disability index and reduction of
kyphosis angle and vertebral height. They arrived at the
conclusion that both types of surgery were safe and effective
although less cement and less time is spent in unilateral
operation and the patient will stay in the hospital for a shorter
time [13]. In those patients with unilateral and bilateral
injections of cement, the mean of kyphotic angle, Cobb angle
had decreased significantly after operation, while the average
Ant Height and Middle Height indexes showed a significant
rise after operation. The comparison between the average
kyphotic angle, Cobb angle, Ant height and Post height before
and after operation in unilateral and bilateral injections shows
no significant difference. The pain scale of the patients reduced
significantly after operation and the average pain score after
operation decreases in various times (P=0.0001) but no
statistically significant difference was observed in average pain
score in unilateral and bilateral injections (P=0.889). The most
frequently reported complication was cement leakage (10%)
mostly observed in bilateral injection. This leakage was mostly
to the anterior part of the body or disk space. Dong et al. [14]
conducted a research in order to compare the effect of
kyphoplasty and vertebroplasty in reducing the pain of 86
patients with osteoporotic fractures. 35 had undergone
vertebroplasty and 51 had undergone kyphoplasty followed by
a 36-month follow up period. The greatest frequency of
osteoporotic fracture was observed in T12 and L1. VAS,
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vertebral height and kyphosis angle were studied before and
after operation and at the end of the follow-up period. The pain
score had decreased significantly after operation in both groups
(P<0.001) and pain score improvement showed no statistically
significant difference in both groups (P=0.826). In kyphoplasty
group, vertebral height improvement exhibited a statistically
significant difference (P<0.001) and the kyphosis angle also
had a statistically significant difference (P<0.001). Despite
greater height and kyphosis height correction, no correlation
was observed between pain and vertebral height (P=0.219) and
kyphosis angle and pain score (P=0.312). Both vertebroplasty
and kyphoplasty are useful to reduce pain but no correlation is
seen between pain score and vertebral height and kyphosis
angle [14,15].

Most fractures were observed in T12 and L1 in present
research (34% and 23% respectively). The pain scale reduced
significantly after operation and average pain score after
operation had decreased in various times (P=0.0001). Similar
to the research conducted by Dung et al. [14], despite greater
correction of vertebral height and Cobb A and KA angles in
people with more severe osteoporosis and lower T score, no
statistically significant correlation was observed between
vertebral height improvement level, kyphosis and cobb angles
and pain relief (Table 9). The important point also referred to
by Dung is the effectiveness of cement injection in pain relief.
The neuroleptic chemical and thermal effect of the cement is
fixing micro-fractures in the body of vertebrae. No correlation
was found between correcting the height and sagittal balance
with pain relief. In the same way, there was also no correlation
between kyphotic angle and pre-operation pain level.

A research was conducted by Alghamdi et al. [15] on 220
patients suffering from kyphoplastic fracture in order to assess
the effect of cement distribution and volume of the cement
injected in fractured vertebrae with the results of operation
including VAS and height and kyphosis angle. They arrived at
the conclusion that the level of cement distribution improves
the height and kyphotic angles with greater sensitivity and
exclusiveness than cement volume (P-value<0.05). On the
other hand, fracture of the adjacent vertebrae and cement
leakage are caused by the excessive amount of the cement
injected not the excessive distribution of cement. Cement
distribution level is a much better factor to predict pain relief
(VAS) after operation than the amount of cement injected (P-
value<0.05) [16]. The current research failed to find a
significant correlation between the amount of cement injected
and pain relief after operation (Table 13) P value=0.207. On
the other hand no significant correlation was observed between
average changes and improvement of vertebral height (HA,
HM, HP) and kyphotic and Cobb angles and the level of pain
relief in various times after operation. This fact confirms the
effect of other factors such as cement distribution level on pain
relief. In a research by Schofer et al. [17] conducted on 30
patients in case group and 30 in control group in order to
compare the effect of kyphoplasty with vertebroplasty in
correcting fracture among patients suffering from osteoporotic
fractures in a 13-month follow up period, no significant
difference was found between VAS and life quality (SF-36) in

both methods, but better correction of kyphosis angle was
achieved in kyphoplastic surgery and this difference is
statistically significant [17]. No correlation was found between
the severity of fracture and vertebral fracture reduction with
pain scale.

Conclusion
In the current research, kyphosis angle has improved more and
the mean kyphotic angle and Cobb angle after operation has
reduced significantly, but men Ant height and Middle height
indicators have increased significantly after operation.
However, Post height changes were not significant. No
correlation was observed between correction level of kyphosis
angle and vertebral height and pain scale. This study is an
extract of an MA thesis with the ethics code
IR.ARAKMU.REC.1395.55 passed on May 24th, 2016 and
clinical trial code IRCT2017010220258N23.
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